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Abstract 

Tooc and essential trace rretals w:re rreasured in m1scle, bme, liver and kidney of bovine grazing m the 
mmicipal WJSttwlter spread ingfiel cbfMrrakech City ~rocco ).llivines w:re fmmd to be seriously cmtaninated 
by tooc rretals, especially cadmiui\ and levels w:re higher in liver and kidney, specific target organs for rretal 
bioaccmnlation. lhe high cadmirm cmtent secrred to contribute to a reductimin zinc and copper levels. The 
aritlrretic rrean concentrations of zinc, copper and cadmirm in liver and ki dney,w:re respectively: 126, 112 and 5.1 
mgyginliver;~, 33 andl0.3 mgyginkidney. 
ff 2aB Elsevier Science BV. All rights reserved . 
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1. Introduction 

General concern about the irrpact on hlllllll 
health of exposure to environrental pollutionhas 
led to increasing attention over the last 1.w> dec
ades to the presence of tocic substances in the 
hlllllll diet .To our kno\le d ge, none of these 
iiNestigations has conceme d Mrocco. 

In the region ofMrrakech City iiNestigate din 
this study, livestock feed nninly on v.ast~ter 
and v.ast~ter-irrigated lucerne and com leaves. 
The benefits of using v.ast~ter as a ferti 1 iser 
have been v.e 11- d ocu:rente d . Ib.ever, a nmber 

*Correspond ing au thor. 
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of ecotocicological concerns arise fran such a 
practice. The risk to hlllllllS through consmrption 
of vegetable crops and anitml prod uctsis apparent 
(Sed ki et al., l<ESa, 1mb ) . Ole of the nnre 
pressing concerns is that of trace eletrents (Lek
ouch et al., l<m, 2001 ) . 

Several iiNestigations have stud ie dhe transfer 
of hea\y netals fran soi 1 to anitmls either by 
d irectcontanination or via the vegetation (Penu

nnrtey and Qhre, 1980; M d ei ros et al. , 1988 ) . 
Even trough soil is a biochdllical reactor acting 
as an active fi 1 ter for trace netal s (Hogue et al., 
1984 ), these rrey accurnlate in the vegetation 
and, consequently, create a risk for anitmls and 
hlllllllS. Previous ecotocicological stud ie:m pigs, 
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sheep and cattle have slum a d irectcorrelation 
betv.een tretal concentrations found in aninnl feed 
and in aninnl tissues ¢vt d ei ros et al., 1988; 
&ter et al., 1982 ). 

The nnin aim of the present stu dywts to 
iiNestigate the presence of trace tretals innnscle, 
bone, liver and ki dneyof bovine reare dand slaugh
tered in the WlSt(Wlter spreading fiel dofMrra
kech City {M>rocco ) fran 1<m to 200). Trace 
ele:rents v.ere treasured and levels corpared wth 
trose reported in other countries. Interactions 
betv.een tocic (cadmil.DTI) and essential (zinc and 
copper ) trace ele:rents v.ere discussed . 

2. Materials and methods 

The Mrrakech City WlSt(Wlter spreading fiel d 
consists of a triangulararea of 300) ha ofWl.ich 
2(XX) ha are irrigatedMth untreatedwtst(Wlter. 
This wtter is pollutedMth hea\y tretals such as 
ca dmi ~ lead and chroni liD (Sed ki and Pihan, 
1<E1; Sedkietal.,1mb )originatingnninly fran 
industzy.Local industriesincludecraft and food 
in d ustrieslhe latter d onot contribute to increased 
levels of hea'Y tretals, Wl.ereas craft industries 
using che:nical products ( fungici des, bacteri
cides .. ). in the treattrent ofvool and leather, for 
instance, are probably responsible for the high 
ca dmi liD and chroni liD content of WlSt(Wlter. 
Corrosion of the d rinking>ater d istributi~tdll 
in the old city is also responsible for the release 
of lead (Pihan et al., 1987 ) . 

Each Jear of the stu dy(1<m, 1<m and 2(XX) ), 

10 cattle reared in the spreadingfieldv.ere ana
lysed. Sarples v.ere taken fran liver, kidney, 
filll.lr nnscle and filll.lr bone. These v.ere oven
dried(80 OC) to a constant v.eight and then 
povd ere d . Accurately v.eighe d ali q uotef appnx
inntely 100 ng of each povdered organ v.ere 
d igeste dM th 2 ml of concentrated nitric aci d 
(ill{) J at 250 OC for 4 h. The vol ure WlS 
ad j ustet.D 20 ml wth doubled istillt\lliter. 

2.1. Analytical method 

Trace ele:rents v.ere d etennine d by graphite 
furnace atonic absorption spectrophotoretzy 
(GF ASS ) using a Perkin Ehrer Spectroreter M> d-

el jU) instrurent eq uippeooth deuteril.llll-arc 
background correction. Each sarple WlS analysed 
in d uplicateControl sarples v.ere provi dedfran 
a ron-polluted rurabrne located 20 km fran the 
spreading field Levels v.ere eq:Jressed as micro
gran; per gran 

Calibration standard:rere prepared each dey 
using anmmal standardad diti~rocedure. 

All tretal d etenninations v.ere carrie dou t in the 
Tocicology Laboratozy of the University of"Nm.tes 
fran France. 

2.2. Limit of detection 

The limit of detectioncalculated folloong the 
recrnnrendations of the International Atonic 
Ehergy Agency ( IAEA, 1W5 ) WlS 0.()5 pgyg for 
cadmil.DTI 

2.3. Data analysis 

Datav.ere analysed statisticall)by the ari tltretic 
trean, standard deviation, Pearson linear correla
tion, Stu dent test, and ~ and Keuls test. 
The level of significance WlS set at jl/o_ 

3. Results 

Table 1 sh:Ms the results (ari tltretic m:an, 
standard deviaticn and range) obtained for the 
essential and tocic trace tretals analysed. Table 2 
corpares these values w th previous stud iescn 
bovines in other countries (The ~ and 
Keuls test for jl/o ) . 

The zinc levels v.ere 89 II 13.6 mgyg in kidney 
and 129 II 19 mgyg in bone. The difference 
bew.een zinc levels in kidney and other organs 

WlS significant. The highest trean copper level 
(112 II 22.9 mgyg) WlS observed in liver. The 
d ifference\\ith other organs WlS significant (P-
0.05 ). Innnscle, kidney and bone, trean copper 
levels v.ere 4.4 II 1.1 mgyg, 32.7 II 7 mgyg and 
2.3 II 0.6 mgyg, respectively. 

A high level of cadmil.DTI WlS found in kidney 
(10.1 II 2.5 mgyg), Wl.ereas trean liver cadmil.DTI 
level wts 5.2 II 1.4 mgyg. Statistical analysis 
shrne d a significant d ifference(P- 0.05 ) betv.een 
cadmil.DTI levels in kidney and other organs. 
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Table 1 
Man levels of trace elmmts in tissuesof cattle (mgyg dt)'l'eight ) 

Kidney Liver Bne Mlscle 

Cattle Cmtrol Cattle Cmtrol Cattle Cmtrol Cattle Cmtrol 

Zn M 89 39.8 126 'F.7 129 75.7 123 45.8 
SD 13.6 3.6 22.2 7.1 19.3 5.4 21.4 5.9 
cv 15.2 9 17.6 11.9 14.9 7.1 17.3 12.8 
Mn 66.0 36.2 95.0 52.6 96.0 70.3 89.0 39.9 
Mlx 112 43.4 161 66.9 155 81.1 154 51.7 

Cu M 33.2 15.3 112 45 23.3 16.2 4.4 1.2 
SD 7 1.2 22.9 5.5 6.3 2.6 1.1 1.0 
cv 21 7.8 20.4 12.2 27 16 25 10 
Mn 28 14.1 76 39.5 16.9 13.5 2.6 1.0 
Mlx 48 16.5 156 50.5 36.2 18.8 6.0 1.3 

Cd M 10.3 2.2 5.1 1.7 0.47 0.2 0.6 0.2 
SD 2.5 0.8 1.4 1.1 0.02 0.02 0.2 0.07 
cv 24.2 38.6 27.4 64 5.2 10 33.5 35 
Mn 5.7 1.4 2.9 0.6 0.45 0.2 0.25 0.15 
Mlx 13.5 3.1 7.1 2.7 0.5 0.25 1.0 0.3 

M: n~an; Mn : ninimrn; S.D. :standarddeviatimj'vllx: rmcimrn; CV: coefficient of variatim; Cmtrol : cmtrol cattle. 

Table 2 
Cmparism of zitx; in tissues of bovine fran Mrrocco and other countries (mgyg d t)'l'eight ) 

Yearsy Mlscle Liver 
Mtal 

Zn Cu Cd Zn Cu 

19&l 25 0.7 0.12 33 17 
1987 33 1.5 0.06 38 26 
1988 35 0.8 50 33 
1986 115 118 
1981 250 2.9 0.12 141 113 
1982 247 3.9 0.01 113 114 
2m:J 123 4.4 0.1 126 112 

In cmparisoo to ccntrol anitmls, experirrental 
bovine had significantly higher levels of tretals 
(Table 1 ). The pollution factor (PF), definedas 
ele:rent ccncentratioo in experirrental anitmls y 
ele:rent level in ccntrol anitmls WlS a~ great-

Table 3 
Hea'Y ~tal cmtent inWJStemter, soil and plants 

Wistemter Soil Luceme Com leaves 
~ yl) (mgyg) (mgyg) (mgyg) 

Zn 4.5 " 1.5 450 "7.5 250 "4.5 380 "6.6 
Cu 0.4 "0.2 120 "22 44 "12 65 "14 
Cd 0.03 "0.01 5.5 "2.5 1.4 " 1.1 2.2 "1.3 

Kidney References 

Cd Zn Cu Cd 

0.17 17 4.3 4.3 Faland)Sz, 1993 
0.12 22 5.4 0.5 Faland)Sz, 1993 
0.15 23 5.8 0.5 F aland)Sz, 1993 
0.11 119 17 0.54 Friel,1987 

21.6 131 76 (F Thxter et al., 1982 
0.8 76 113 5.9 Thxter et al., 1983 
5.1 89 33 10 This study 

er than 1 (Table 4 ). Values v.ere particularlyhigh 
for cadmium 

Higher coefficients of variation (CV ) v.ere 
observed for cadmium in all the organs analysed 

Table 4 
Corparison of ~tal mx;entratims in anitml tissues and 
plants (=entratim factor-CF ) and in cmtrol bovine and 
experirental bovine (pollutim factor-PF ) 

CFyPF Kidney Liver Bne Mlscle 

Zn 0.3 y2.2 0.5y2.1 0.5 yl.7 0.4y2.6 
Cu 0.8y2.1 2.8y2.4 0.05 yl.4 0.1 y3.6 
Cd 3.3 y4.6 0.9y3.0 0.1 y2.3 0.1 y3.0 
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Table 5 
Relatiooship beMeer! cm.;entratioos of cadniun and essential 
rretals in cattle organs 

G-gans ZnyCd CuyCd 

Kidney 8.6l 3.2 
Kidney 18.01 6.9 
Liver 24.7 21.9 
Liver 35.1 26.5 

Mlscle 2.)5 7.3 
M1scle 229 6 
Thne 274.4 49.3 
Thne 378.5 81 

' Cmtrol bovine. 

in both cattle and sheep reflecting the heteroge
neity of ind ivi d uallevels of cadmil.DU 

Trace elmmt levels v.ere also treasured in 
lucerne and com leaves grMJ. in the area of study 
and used in rearing. The resu 1 ts (Table 3 ) shov 
the presence of tretals in the plants d ueto the 
accurulatioo of these elmmts in the soi 1. A 
coocentratioo factor (CF), definedas the coocen
tratioo of tretals in aninnl tissue:;,ythe coocentra
tioo in plants, v.as calculated to treasure the 
transfer of pollutants through the food chain. As 
slum in Table 4, coocentration factors for cad

mil.DU in kidney and for copper in liver v.ere 
greater than 1. The values for ca dmi l.DU v.ere 
especially high. 

4. Discussion 

As is the case for Imey trace elmmts, tretal 
levels in tissueare largely dependentoo thetretal 
cootent of d iet.The relatiooship betv.een orally 
administeredcadmil.DU and tissuecootent v.as esti
nnte d by Vos et al. (1988 ) as O.jl/o based on an 
everirrent in vhich pregnant tv.es and hnbs 
v.ere fed a d ietcootaining fran 0.2 to 0.4 mgyg 
cadmil.DU This estinnte isconsi derably lrner than 
the jl/o apparent absorption calculate dby Dcyle et 
al. (1974 ) for hnbs receiving a d ietcootaining 
ffi rrg Cdykg Table 5. 

The results of this study sh:w that bovines 
grazing on the mmicipal v.ast(Wlter spreading 
fiel d of Mrrakech are concentrating the trace 
elmmts iiNestigate d .The copper levels observed 
in the liver are similar to those reported by Blxter 

et al. (1982 ) (113 mgyg) and by Mdeiros et al. 
(1988 ) (119 mgyg) in cattle reared oo S(Wlge 
sl u d ge.lhe trean levels of zinc observed in the 
liver are lrner than trose reported by Friel et al., 
1987 (161 mgyg) and by Blxter and Kienholz 
(1983 ) (212 mgyg) for cattle. Hrnever, these 
values are greater than those (50 mgyg) reported 
by UndeNOOd (1977 ) in liver of cattle living in 
spread ingfiel d s. 

The cadmil.DU level in kidney tissuesv.as sig
nificantly higher in everirrental aninnls than 
cootrols. The trean levels observed v.ere lrner 
than trose found by Blxter and Kienholz (1983 ) 
in cattle (55 mgyg) and sheep (16 mgyg) evosed 
to emir0l1lrutal cootanination. Blxter and Kien
holz (1983 ) reported levels reaching 20 mgyg in 
kidneys of bovine evose d to S(Wlge sl u d geVan
Der-Veen and Vnmm. ( 1986 ) reported ca dmi l.DU 
levels of 12 mgyg in lams evosed to contani
nated feed .These resultsare higher than those (2 
mgyg)noted by Frieletal. (1987) incattlekidney 
fran aninnls feed ingon a non-polluted soil. 

The results shov cadmil.DU to coocentrate pri
nnrily in the kidney, Cu in the liver and Zn in the 
kidney, liver andnnscle. This une q uald istributioo 
anngst the organs is related to differences in the 
specific p~iological functioos of these elmmts 
and depend son their relative abundance in intra
cellularligandsable to bindtretals, such astretal
loproteins (Koh and Judson, 1986; Kagi and 
Ko j inn, 1987 ) . 

The ZnyC d and Cu yC d ratios observed in ki d -
ney, liver, booe and treat v.ere higher in control 
aninnls ind icatingthat cadmil.DU represses these 
essentialtretals (Table 5). As could be evecte d 
fran the role of kidney in alleviating cadmil.DU 
accurulation, the ZnyCd ratio in this organ v.as 
nnch lrner than in liver, booe and nnscle. Mst 
authors found that cadmil.DU caused the greatest 
degreeof d isruptiorin copper and zinc horeosta
sis. A significant positive associatioo betv.een 
renal cadmil.DU and zinc resi d uesand a significant 
negative correlatioo betv.een ki dneycadmil.DU and 
copper levels have also been reported (Alonso et 
al.,2002 ). 

The consmrption oftreat, liverandkidneyfran 
livestock reared in this polluted area certainly 
contributes significantly to the average dail)lretal 
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intake by lliDl. Accor d ing to the Vlbrl d Health 
G-ganisation, the v.eekly cadmi UTI intake by lliDl 

should rot exceed 400-W mg ~ 1900 ) In 
M>rocco, no regulatirns have yet been established 
for hea\y tretals in treat or bovine organs but this 
issue has becore irrportant inlllley countries. 

5. Conclusions 

The concentratirns ofcadmil.Jlf! copper andzinc 
found inl1llscle, liver, kidneys and bene of live
stock grazing en the 11llllicipal st:Yage spreading 
fiel dofMrrakech are very high. High levels of 
cadmiUTI v.ere encountered resulting fran bio
accurulaticn (CF ) 1) and bio-mplificaticn 
(PF ) 1) processes. The highest levels of tretals 

v.ere found in liver and ki dney,vhich are knom 
specific target organs of tretal bioaccurulaticn. 
This stu dysh:Me d that the high cadmi UTI levels 
treaSured in the organs of cattle and sheep seared 
to disrupt romnl trace elarent tretaboli~ 
decreasing zinc and copper levels. 

As cadmiUTI is knom to be a highly tocic 
corpound to vhich chrcnic exposure results in 
severe d iseasesor even death, there is an urgent 
need to ini tiatean extensive epi de:niological study 
of people ccnsmning products (vegetables and 
treat ) originating fran this area. 
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